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Abstract 
The Mediterranean climate distinguishes for a mild heating season and a hot (and usually dry) cooling season. All along the year 
solar radiation is plentiful and the daily range of temperature during the summer is large, due to dry and clear conditions. This 
environment allowed to design and build a zero energy concept building (a detached single family house) on the basis of passive 
heating and cooling technologies, supported, when required, by short time active conditioning. The design process was optimized 
by extensive energy simulations, resulting in an optimal energy balance and favorable thermal comfort conditions along the year. 
The building is instrumented with an accurate building automation control system, and a number of sensors for a detailed energy 
and environmental monitoring. The monitoring equipment and framework, have been devised to support further detailed studies 
to improve the design concept and to provide accurate and comprehensive data to the scientific community. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The Mediterranean climate (Csa/Csb - under the Köppen climate classification [1-3]) is a particular variety of 
subtropical climate. The lands around the Mediterranean Sea form the largest area where this climate type is found 
[4]. The majority of the regions with Mediterranean climates have relatively mild winters and very warm summers. 
Because most regions with a Mediterranean climate are near large bodies of water, temperatures are generally 
moderate with a comparatively small range of temperatures between the winter low and summer high (although the 
daily range of temperature during the summer is large due to dry and clear conditions, except along the immediate 
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coasts) [4]. Under the Köppen-Geiger system, "C" zones have an average temperature above 10 °C in their warmest 
months, and an average in the coldest between 18 to í3 °C. Areas with this climate receive almost all of their 
precipitation during their winter season, and may go anywhere from 4 to 6 months during the summer without 
having any significant precipitation [4]. 
Building cooling is the most challenging issue in the Mediterranean climate, due to the strong solar radiation and 
to the high ambient temperature. The large daily range of temperature during the summer, provides, nevertheless, a 
considerable potential for nigh-time ventilative cooling [5]. 
The mild temperatures and the plentiful solar radiation during winter, help reducing heating requirements for 
buildings, which can easily be contrasted by means of passive strategies [5]. 
On the basis of this climate features, a concept for the design of a zero energy building (a detached single family 
house) has been developed, supported by literature review. Energy simulations were used to optimize and correct the 
design process, that resulted in an optimal energy balance and favorable thermal comfort conditions, as described in 
the following sections. The concept is nevertheless based on an accurate control of building systems and 
components. The building automation control system (BACS) was therefore complemented with several sensors 
which will provide a detailed monitoring of energy flows and comfort conditions, useful for the management of the 
building and to further improve the design concept for future constructions. 
 
Nomenclature 
BACS building automation and control system 
EAHE earth to air heat exchanger 
HDPE high density hygienic polyethylene 
2. Introduction 
2.1. Possibilities and limitation 
The Mediterranean climate, as described under the Köppen-Geiger system [4], provides a high potential to 
exploit passive strategies for building design [5].  
The use of thermal mass inside the building (mostly the floor slab) has been shown effective to reduce heating 
demand, when coupled with thermally insulated walls, because it helps providing a useful storage and delay of 
internal and solar heat gains along the day [6]. This strategy showed to be mostly effective when thermal insulation 
is on the outer face of the wall [6]. Even from the thermal comfort point of view, internal thermal mass may provide 
a more homogeneous and acceptable surface temperature distribution along the day [7].  
During the cooling season, the use of thermal mass inside the building may prove effective, if coupled with night-
time ventilation, to reduce cooling loads and to enhance thermal comfort [6]. Due to the high daily range of 
temperature (Figure1), night-time ventilation may be easily exploited in the Mediterranean climate, especially if 
vegetation is growing in the surroundings of the building. An accurate control of solar gains is nevertheless required, 
because sufficiently ample charge/discharge loops of building thermal mass may not be provided by means of night-
time ventilative cooling, for extreme heat gains. The orientation and size of the windows become therefore 
fundamental parameters to reduce heat gains, together with building shape [6], solar shading devices and glazing g-
value [8]. 
An effective way to exploit thermal mass in low rise buildings, is an exposed floor slab, with some thermal 
contact with the ground. In this case the heating demand may slowly increase, but cooling loads may substantially 
decrease due to some coupling with the large thermal inertia of the ground. Night ventilative cooling also makes use 
of the interaction with thermal mass and particularly with the floor that has been partly exposed to solar radiation 
during the day [6]. The cooling effect of ventilation may be further extended during the day if ground thermal mass 
is exploited by means of an earth to air heat exchanger (EAHE) [4, 9]. An accurate management of the mechanical 
or mixed-mode ventilation system is nevertheless required, and it may be guaranteed only by a BACS. 
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Since the slope of the roof is 22° and assuming to install southwest facing mono-crystalline cells with a nominal 
efficiency of 18.4% and a peak power of 300 W per panel, and an overall DC to AC derate factor of 0.77, 20 PV 
panels are sufficient to balance (over one year) the whole electricity demand of the building. The PV field is 
characterized by a nominal peak power of 6.0 kWp and a covered area of 32.6 m2. The expected annual PV yield is 
7 580 kWh per year, hence, the building is expected to produce more electricity than it requires (Figure 4 (b)). 
Results show a good potential of the proposed concept (high insulated building coupled to an EAHE and internal 
thermal mass exploitation) in the selected climate, since the building is expected to produce on site slightly more 
energy than all energy requirements, and to deliver thermal comfort defined according to the Fanger comfort model. 
4. Experimental set-up
Building energy performance and thermal comfort conditions will be monitored by a detailed control and 
monitoring system. The zero energy concept house is intended as a full-scale-test building, operating under real 
conditions in the Mediterranean climate. The building automatic control system will allow to monitor and evaluate 
different strategies for solar protection and mechanical ventilation operation, including the EAHE, and considering 
the real dynamic effects of heat storage in building components. 
Monitoring will include: air and operative temperatures, thermal energy demand for heating, cooling, and 
domestic hot water, electrical energy use for lighting and electrical equipment, the energy production by solar 
thermal and photovoltaic systems. The total primary energy demand will furthermore be calculated. Temperatures, 
water flow rates and thermal energy are measured in supply and return pipes via ultrasonic heat and cooling energy 
meters mounted in each hydronic loop of the system, with proper setting path upstream and downstream from the 
meters, to reach their best accuracy. Also electric energy demand for reversible air to water heat pump and auxiliary 
systems is monitored via electric energy meters. The state and opening position of automatic mixing valves and of 
ventilation dampers is logged too. 
A detailed monitoring layout [13] was designed for the EAHE (Figure 5 (a) (b)) with several sensors for 
temperatures (PT100, class A accuracy, 4 wires connection) and moist water content in the ground. 
The monitoring of the air to air heat recovery system will be performed with the installation of temperature, 
relative humidity and mass flow rate sensors, together with electrical meters for the fans. 
Electric energy demand is separately monitored for lighting, domestic electrical equipment (oven, induction hob, 
refrigerator, dishwasher, washing and dryer machine, coffee machine), and plug loads. For more detailed analysis, 
the actuators, and all the auxiliaries such as circulators and fans will be separately monitored. The measurements 
will give detailed information also on internal heat gains related to lighting and electrical uses, which are estimated 
to be relevant in the energy balance of a passive building like this. 
Important information on solar thermal gains and daylighting conditions will be given by monitoring of vertical 
position and slats angles of external blinds devices (Figure 5 (c)), which are automatically controlled for each 
windows. 
Windows opening will be logged to monitor where, when and how natural ventilation is adopted for free cooling. 
These kind of measures will allow to elaborate a long term monitoring of the occupants behaviour and of the BACS. 
Thermal and visual comfort and indoor air quality will be monitored by globe-thermometers, relative humidity, 
CO2 and lux sensors in the main rooms. Calculation of long term comfort indexes will be performed and different 
methods will be tested and analysed. The use of globe-thermometers will allow to control thermal comfort on the 
basis of operative temperature in contrast to air temperature. 
In order to correlate building performance with external conditions, a weather station was installed on the roof of 
the building, measuring outdoor air temperature, wind velocity, external illuminance level, solar radiation and sun 
position. External temperatures are further monitored by two sensors close to the supply ducts of the EAHE, and 
three sensors placed at different heights in the patio (Figure 5 (d)), with the aim to study the cooling effect of the 
patio, due to cool air falling from the sloped roof during clear summer nights. Also outdoor relative humidity is 
measured in the patio and close to supply ducts of the EAHE. 
Eventually all of the measured data will be useful to finalize the whole building commissioning phase, reaching 
optimal regulation of all system components. 
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